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Electrostatic coating device and method 



(57) An electrostatic coating device and an electro- 
static coating method are provided which can expel, in 
a form of drops having high monodispersability, a coat- 
ing liquid which is highly viscous. The electrostatic coat- 
ing device includes a coating liquid chamber (1 2) storing 
a coating liquid in an interior of the coating liquid cham- 
ber; a voltage applying portion (8) applying a voltage, 



which is positive or negative with respect to an object- 
to-be-coated onto which the coating liquid is to be coat- 
ed, to the coating liquid in the coating liquid chamber 
(1 2); and a nozzle (4) expelling, in drop form and toward 
the object-to-be-coated, the coating liquid to which the 
voltage has been applied by the voltage applying por- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to an electrostatic coating device and an electrostatic coating method, and in 
particular, to an electrostatic coating device and an electrostatic coating method which are suitably used in particular 
for making PS plates matte. 

10 

Description of the Related Art 

[0002] In recent years, ink jet printers, which form printed images by ink jets, have come to be widely used as printers 
for computers. 

15 [0003] An ink jet printer is usually equipped with an ink jet head having many nozzles which expel ink in the form of 
drops, and ink chambers which are provided in correspondence with the respective nozzles and in which ink is stored. 
Each ink chamber has a pressure generating member which generates the pressure for expelling the ink from the 
nozzle, and a piezo-electric element which drives the pressure generating member. 

[0004] The particle size distribution of the ink drops of the ink jet printer is relatively close to monodisperse. Thus, it 
20 would be thought that, when an ink jet printer is used to matte a PS plate by expelling, in-the form of drops, a matting 
liquid instead of ink, a matte of a uniform size would be able to be obtained. 

[0005] However, when a PS plate is made matte by using an ink jet printer, the width of the ink jet must be made to 
be about the same as the width of the PS plate so that the entire width of the PS plate can be covered by the ink jet 
head. Further, the interval between the nozzles at the ink jet head must be set to about several 1 00 u.m so that the 

25 dots formed by the matting liquid expelled from the nozzles overlap one another. Here, if the width of the PS plate is 
1 m and the interval between the nozzles is 500 u.m, there are 2000 nozzles at the ink jet head. 
[0006] Accordingly, if the pressure generating members and the piezo-electric elements are provided in a one-to- 
one correspondence with the nozzles, there is the need to provide 2000 pressure generating members and 2000 piezo- 
electric elements. Thus, the number of structural parts of the ink jet head becomes large, and the manufacturing costs 

30 drastically increase. This is also impractical from the standpoint of complexity of the control of the expulsion of the ink. 
[0007] Moreover, the matting liquid used in making the PS plate matte is highly viscous, and, at the ink jet head, 
there are difficulties in expelling highly viscous inks. 

SUMMARY OF THE INVENTION 

35 

[0008] An object of the present invention is to provide an electrostatic coating (depositing) device and an electrostatic 
coating (depositing) method whose structures are simple and which can expel, in drops having good monodispersability, 
a highly-viscous coating liquid such as a matting liquid, so as to be able to be suitably used for matting PS plates. 
[0009] A first aspect of the present invention relates to an electrostatic coating device comprising: a coating liquid 

40 chamber storing a coating liquid in an interior of the coating liquid chamber; a voltage applying portion applying a 
voltage, which is one of positive and negative with respect to an object-to-be-coated onto which the coating liquid is 
to be coated, to the coating liquid in the coating liquid chamber; and a nozzle expelling, in drop form and toward the 
object-to-be-coated, the coating liquid to which the voltage has been applied by the voltage applying portion. 
[0010] In this electrostatic coating device, the coating liquid chamber is filled with the coating liquid. When a voltage, 

45 which is positive or negative with respect to the object-to-be-coated, is applied to the coating liquid by the voltage 
applying portion, charged (electrified) drops of the coating liquid are discharged from the opening portions of the nozzles 
toward the object-to-be-coated at uniform intervals. Due to the Coulomb force, the charged drops fly toward the object- 
to-be-coated and adhere thereto. 

[0011] In accordance with the electrostatic coating device, even if the coating liquid is a highly-viscous liquid having 
50 a viscosity of 100 mPa • s or more such as a matting liquid used in making a PS plate matte, the matting liquid can 
efficiently be made into fine particles, and charged drops having a uniform particle size distribution close to monodis- 
perse can be obtained. Accordingly, if the electrostatic coating device is used in making a PS plate matte, a matte, 
which has good uniformity of diameter and height and whose height is large with respect to the diameter thereof, can 
be adhered at a high density. 

55 [0012] The coating liquid which can be coated by the electrostatic coating device is not particularly limited provided 
that it can be coated onto an object-to-be-coated which will be described later. The coating liquid encompasses, for 
example, liquids from liquids having a relatively low viscosity such as solvent type coating materials and emulsion type 
coating materials used in electrostatic coating, to even liquids of a viscosity as high as several 1 00 m Pa • s such as 
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matting liquids and high-solid type coating materials. 

[0013] Examples of the object-to-be-coated are sheet-shaped or film-shaped articles onto which the coating liquid 
can be electrostatically coated. Specific examples include, in addition to PS plates, electrically conductive sheet ma- 
terials such as thin aluminum plates, thin steel plates and the like, and insulative sheet materials such as plastic sheets, 
5 plastic films, paper, various types of laminated paper, and the like. 

[001 4] The object-to-be-coated may be in the form of a strip, or may be in the form of a sheet which has been cut to 
a specific size. 

[0015] The coating liquid chamber and the nozzle may be formed from an insulative material such as plastic or an 
insulative ceramic or the like. If the coating liquid chamber and the nozzle are formed from an electrically conductive 
10 material such as aluminum, an aluminum alloy, stainless steel, an electrically conductive ceramic, or the like, voltage 
can be applied to the coating liquid in the interior merely by connecting the coating liquid chamber and the nozzle to 
a voltage generating device which will be described later. 

[001 6] Examples of the nozzle are a tubular nozzle and a nozzle hole which pass through a wall surface of the coating 
liquid chamber. 

15 [0017] Hereinafter, the coating liquid chamber and the nozzle together may be referred to as the "coating head". 
[0018] The inner diameter of the nozzle is preferably in a range of 1 0 to 1 00 urn However, the inner diameter may 
be less than or equal to 1 0 \xm or may be greater than or equal to 1 00 uin, depending on the particle size of the charged 
drop which is to be expelled and the voltage applied by the voltage applying portion. 

[0019] The interval between the nozzles can be determined in accordance with whether the coating liquid is to be 
20 adhered in dot-forms on the object-to-be-coated, or whether the coating liquid is to be adhered uniformly onto the entire 
surface of the object-to-be-coated. For example, when the coating liquid is to be adhered in dot-forms as in the case 
of matting a PS plate, the charged drops of the coating liquid do not overlap on the surface of the object-to-be-coated. 
Accordingly, it is preferable that the minimum interval between the nozzles is about 50 jim so that the charged drops 
do not coalesce. However, when the particle size of the charged drops which are expelled from the nozzles are small, 
25 the interval between the nozzles may be less than 50 urn. 

[0020] Further, the interval between the distal end of the nozzle and the object-to-be-coated can be determined, from 
the relationship with the magnitude of the voltage applied by the voltage applying portion which will be described later, 
such that the number of charged drops expelled from the nozzle per unit time falls within a desired range. However, 
the interval between the distal end of the nozzle and the object-to-be-coated is preferably set in a range of 1 mm to 
30 500 mm. 

[0021] The nozzle may be directed downward, upward, or sideways. 

[0022] When the coating liquid chamber and the nozzle are formed from an electrically conductive material, a voltage 
generating device, which is connected to at least one of the coating liquid chamber and the nozzle, can be used as 
the voltage applying portion. Any of various types of high voltage DC generating circuits, high voltage AC generating 
35 circuits, high voltage rectangular wave current generating circuits, high voltage trapezoid wave generating circuits, and 
the like may be used as the voltage generating device. 

[0023] When the coating liquid chamber and the nozzle are formed from an insulative material, a voltage generating 
device, which is formed by a voltage applying electrode provided within the coating liquid chamber and a voltage 
generating device applying voltage to the voltage applying electrode, can be used as the voltage applying portion. 

40 Examples of the voltage applying electrode are electrodes having any type of configuration such as plate-shaped, 
lattice-shaped, linear, spiral, rod-shaped, orthe like. The voltage applying electrode can be formed from any of various 
types of metal materials and carbon materials. The voltage generating device is as was described previously. 
[0024] The inner wall surfaces of the coating liquid chamber may be lined with an electrically conductive material, 
and this electrically conductive lining may be used as the voltage applying electrode. 

45 [0025] The magnitude of the voltage applied at the voltage applying portion can be determined from the relationship 
with the distance from the distal end of the nozzle to the object-to-be-coated, such that the number of charged drops 
expelled from the nozzle in one second falls within a desired range. However, usually, the magnitude of the voltage is 
within a range of 1 to 25 kV, and preferably a range of 3 to 10 kV. 

[0026] The voltage applying portion preferably applies direct current, but may apply a sine wave such as ordinary 
so commercial alternating current, or may apply alternating current having any type of waveform such as a rectangular 
wave, a trapezoidal wave, or the like. When alternating current is applied, the particle size of the charged drop expelled 
from the nozzle can be controlled by controlling the waveform of the alternating current. 

[0027] When voltage is applied by the voltage applying portion, voltage of an opposite polarity may be applied to the 
object-to-be-coated, or the object-to-be-coated may be grounded. Further, when the object-to-be-coated is a non- 
55 conductive sheet material, a ground electrode may be provided between the object-to-be-coated and the nozzle, or 
adjacent to the surface of the object-to-be-coated at the side opposite the side where the coating liquid is to be adhered. 
[0028] The invention of the second aspect, which is in accordance with the first aspect, relates to an electrostatic 
coating device in which the nozzle is a plurality of nozzles. 
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[0029] This electrostatic coating device is an example in which, in the electrostatic coating device of the first aspect, 
a plurality of nozzles are provided. 

[0030] An example of this electrostatic coating device is an electrostatic coating device equipped with a coating liquid 
chamber having a nozzle plate which is a plate-shaped member at which many nozzles are formed. The nozzles may 

5 be provided at the entire surface of the nozzle plate, or may be disposed in one row at the nozzle plate. 

[0031] In an electrostatic coating device equipped with a coating head having the above-described nozzle plate, if 
the width of the nozzle plate is formed so as to correspond to the width of the object-to-be-coated, the coating liquid 
can be coated on the entire surface of the object-to-be-coated by fixing the coating head and feeding the object-to-be- 
coated at a constant speed. Or, a plurality of coating heads can be set in a row so as to correspond to the width of the 

w object-to-be-coated. Accordingly, the electrostatic coating device having the coating head is extremely suitable for use 
in making PS plates matte. 

[0032] The invention of the third aspect, which is in accordance with the first or second aspect, relates to an elec- 
trostatic coating device in which the nozzle is a tubular nozzle which passes through a wall surface of the coating liquid 
chamber. 

15 [0033] Because the spreading of the coating liquid at the nozzle plate can be prevented, the liquid drops can be 
generated stably. Thus, this electrostatic coating device has the feature that uniformity of the charged drops is partic- 
ularly excellent. 

[0034] The invention of the fourth aspect, which is in accordance with the first or second aspect, relates to an elec- 
trostatic coating device in which the nozzle is a nozzle hole which passes through a wall surface of the coating liquid 
20 chamber. 

[0035] This electrostatic coating device has the feature that the plate-shaped member which forms the nozzle, i.e., 
the nozzle plate, can be fabricated particularly stably. 

[0036] The invention of the fifth aspect, which is in accordance with any one of the first through fourth aspects, relates 
to an electrostatic coating device in which the voltage applying portion is a voltage generating device connected to at 
25 least one of the coating liquid chamber and the nozzle. 

[0037] Voltage can be applied by connecting the voltage generating device to the coating liquid chamber or the 
nozzle. Thus, this electrostatic coating device has the feature that the voltage applying electrode does not have to be 
provided at the interior of the coating liquid chamber, and the structure can be simplified. 

[0038] The invention of the sixth aspect, which is in accordance with any one of the first through fourth aspects, 
30 relates to an electrostatic coating device in which the voltage applying portion is a voltage applying electrode provided 
at the interior of the coating liquid chamber. 

[0039] This electrostatic coating device has the feature that the coating liquid chamber and the nozzle can be formed 
of an insulative material, 

[0040] The invention of the seventh aspect, which is in accordance with any one of the first through sixth aspects, 
35 relates to an electrostatic coating device in which the voltage applied by the voltage applying portion is DC voltage. 
[0041] In this electrostatic coating device, a DC power source circuit in the electrostatic coating device can be used 
for the voltage applying portion. Thus, the electrostatic coating device has the feature that the entire device can be 
structured inexpensively. 

[0042] The invention of the eighth aspect, which is in accordance with any one of the first through seventh aspects, 
40 relates to an electrostatic coating device in which the object-to-be-coated is in a continuous strip form. 

[0043] This electrostatic coating device can make the coating liquid adhere continuously to the object-to-be-coated. 
[0044] The invention of the ninth aspect, which is in accordance with any one of the first through eighth aspects, 
relates to an electrostatic coating device which further comprises an object-to-be-coated grounding portion grounding 
the object-to-be-coated at a time of coating the coating liquid onto the object-to-be-coated. 
45 [0045] In this electrostatic coating device, the voltage of the object-to-be-coated can be made to be 0 by grounding 
the object-to-be-coated by the object-to-be-coated grounding portion. Thus, the charged drop of the coating liquid 
which flies from the nozzle moves, due to Coulomb force, toward the object-to-be-coated. Accordingly, there is no need 
to apply, to the object-to-be-coated, voltage of a polarity which is opposite that of the voltage applied to the coating 
liquid by the voltage applying portion. Thus, the structure of the electrostatic coating device can be simplified and can 
so be made more compact. 

[0046] When, for example, the object-to-be-coated is in a continuous strip form, the object-to-be-coated grounding 
portion may be a grounding roller, which is connected to one end of a conductor (a wire) whose other end is grounded 
and which rotates while contacting the object-to-be-coated, or may be the ground electrode which will be described 
later, or the like. 

55 [0047] The invention of the tenth aspect, which is in accordance with the ninth aspect, relates to an electrostatic 
coating device in which the object-to-be-coated grounding portion is a ground electrode which, at the time of coating 
the coating liquid, is grounded, and is disposed one of between the object-to-be-coated and the nozzle, and adjacent 
to a surface of the objecMo-be-coated which surface is at a side opposite a side at which the coating liquid is to adhere. 
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[0048] This electrostatic coating device has the feature that, because the charged particle which has been discharged 
from the nozzle is pulled by the ground electrode and flies toward the object-to-be-coated, the object-to-be-coated can 
be electrostatically coated even if formed from an insulative material. 

[0049] The invention of the eleventh aspect, which is in accordance with any one of the first through tenth aspects, 
5 relates to an electrostatic coating device in which the coating liquid chamber has a coating liquid chamber pressure 
applying portion which applies pressure to the interior of the coating liquid chamber at a given cycle. 
[0050] In this electrostatic coating device, in addition to the electrostatic force which is applied to the charged drop 
between the charged drop and the object-to-be-coated or the charged drop and the ground electrode, the force of the 
pressure applied by the coating liquid chamber pressure applying portion is also applied to the charged drop. Accord- 
10 ingly, this electrostatic coating device has the feature that electrostatic coating can be carried out easily even in cases 
in which the coating liquid has particularly high viscosity. 

[0051] The invention of the twelfth aspect, which is in accordance with the eleventh aspect, relates to an electrostatic 
coating device in which the coating liquid chamber pressure applying portion is driven by a piezo-electric element. 
[0052] The piezo-electric element does not have a mechanical driving portion. Thus, this electrostatic coating device 
15 has the feature that it is very easy to incorporate the coating liquid chamber pressure applying portion into the coating 
liquid chamber. 

[0053] The invention of the thirteenth aspect, which is in accordance with any one of the first through twelfth aspects, 
relates to an electrostatic coating device in which the object-to-be-coated is electrically conductive. 
[0054] This electrostatic coating device is an example in which the electrostatic coating device of the present invention 
20 is applied to the electrostatic coating of a sheet member which is formed from an electrically conductive material, such 
as a PS plate, a thin aluminum plate, a thin steel plate, or the like. 

[0055] The invention of the fourteenth aspect, which is in accordance with any one of the first through thirteenth 
aspects, relates to an electrostatic coating device in which the object-to-be-coated is a PS plate, and the coating liquid 
is a matting liquid used in making the PS plate matte. 
25 [0056] This electrostatic coating device is an example in which the electrostatic coating device of the present invention 
is applied to making a PS plate matte. 

[0057] The invention of the fifteenth aspect, which is in accordance with any one of the first through fourteenth 
aspects, relates to an electrostatic coating device in which a diameter of the nozzle is selected appropriately in ac- 
cordance with a magnitude of viscosity of the coating liquid. 

30 [0058] This electrostatic coating device has a nozzle of a diameter which corresponds to the viscosity of the coating 
liquid. Thus, the electrostatic coating device has the feature that the coating liquid can efficiently be made into charged 
fine particles, even in cases in which, in particular, a highly-viscous coating liquid is electrostatically coated. 
[0059] The invention of the sixteenth aspect, which is in accordance with any one of the first through fifteenth aspects, 
relates to an electrostatic coating device in which the voltage applied by the voltage applying portion is AC voltage. 

35 [0060] This electrostatic coating device has the feature that even highly-viscous coating liquids can be electrostati- 
cally coated easily. 

[0061] The invention of the seventeenth aspect, which is in accordance with the sixteenth aspect, relates to an 
electrostatic coating device in which a frequency of the AC voltage is 1 000 Hz or more. 

[0062] In accordance with this electrostatic coating device, even coating liquids whose viscosity is several 1 000 mPa 
40 ♦ s can be coated. 

[0063] The invention of the eighteenth aspect relates to an electrostatic coating method comprising the steps of: 
applying, to a coating liquid, voltage which is one of positive and negative with respect to an object-to-be-coated onto 
which the coating liquid is to be coated; and expelling the coating liquid in drop form from a nozzle toward the object- 
to-be-coated. 

45 [0064] In this electrostatic coating method, in accordance with the same principles as those discussed in connection 
with the electrostatic coating device relating to the first aspect, charged drops of the coating liquid are released at a 
constant interval from the nozzles toward the object-to-be-coated, and fly toward the object-to-be-coated and adhere 
thereto. Accordingly, the electrostatic coating method has the same advantages as those of the above-described coat- 
ing device. 

so [0065] The invention of the nineteenth aspect of the present invention relates to an electrostatic coating device 
comprising: a coating liquid chamber accommodating a coating liquid in an interior of the coating liquid chamber; a 
tubular nozzle expelling the coating liquid accommodated in the coating liquid chamber; and a voltage applying portion 
applying, to the coating liquid, voltage which is one of positive and negative with respect to an object-to-be-coated 
onto which the coating liquid is to be coated, so as to make the coating liquid be expelled in drop form from the nozzle 

55 toward the object-to-be-coated, wherein an outside dimension of the nozzle at a distal end portion of the nozzle is 3.5 
times or less an inner diameter. 

[0066] In this electrostatic coating device, in the same way as in the electrostatic coating device of the first aspect, 
the charged drop, due to Coulomb force, flies toward the object-to-be-coated and adheres thereto. Accordingly, as 
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compared with a device having a rotary atomizing head such as a conventional electrostatic coating device, coating 
liquids of even higher viscosities can be used. 

[0067] Further, because the outside dimension at the distal end portion of the nozzle is formed to be 3.5 times or 
less the inner diameter of that, the charged drop does not excessively spread at the distal end portion of the nozzle. 
5 Accordingly, in this electrostatic coating device, even if the amount of the liquid expelled from the nozzle is large, an 
excessively large charged drop does not form at the distal end of the nozzle and the particle size of the charged drops 
does not become non-uniform. Thus, a large number of projections having a uniform configuration and diameter can 
be formed on the entire surface of the object-to-be-coated. 

[0068] Thus, this electrostatic coating device can be suitably used for making PS plates matte. 
w [0069] The cross-sectional configuration of the outer peripheral surface of the nozzle is usually circular, but may be 
polygonal such as triangular, square, pentagonal, hexagonal, octagonal, or the like. 

[0070] Accordingly, when the cross-sectional configuration of the outer peripheral surface of the nozzle is circular, 
the outside dimension is the outer diameter of the nozzle. When the cross-sectional configuration is polygonal, the 
outside dimension is the diameter of an imaginary circle which is inscribed in the cross-section of the outer peripheral 
is surface. 

[0071] In accordance with this electrostatic coating device, in the same way as with the electrostatic coating device 
of the first aspect, even if the coating liquid is a highly-viscous liquid, it can efficiently be made into fine particles, and 
charged drops having a uniform particle size distribution close to monodisperse can be obtained. 
[0072] In the same way as in the electrostatic coating device of the first aspect, the coating liquid which can be coated 
20 by the electrostatic coating device is not particularly limited provided that it can be coated onto the object-to-be-coated. 
[0073] The same objects to be coated as those used in the electrostatic coating device of the first aspect can be used. 
[0074] The coating liquid chamber and the nozzle may be formed of the same materials as those used in the elec- 
trostatic coating device of the first aspect. 

[0075] The inner diameter of the nozzle is preferably in the range of 0.01 to 0.2 mm, and is particularly preferably 
25 within the range of 0.01 to 0.1 mm. However, any arbitrary inner diameter can be selected in accordance with the 
particle size of the charged drops to be expelled and the voltage applied by the voltage applying portion. 
[0076] The interval between nozzles can be determined in the same way as in the electrostatic coating device of the 
first aspect. 

[0077] The interval between the distal end of the nozzle and the object-to-be-coated can be determined in the same 
30 way as in the electrostatic coating device of the first aspect. 

[0078] The nozzle may be directed downward, upward, or sideways. 

[0079] When the coating liquid chamber and the nozzle are formed from an electrically conductive material, devices 
and circuits which are the same as those of the electrostatic coating device of the first aspect can be used as the 
voltage applying portion and the voltage generating device. 
35 [0080] When the coating liquid chamber and the nozzle are formed from an insulative material, the voltage applying 
portion, the voltage applying electrode, and the voltage generating device may be structured in the same way as in 
the electrostatic coating device of the first aspect. 

[0081] The inner wall surfaces of the coating liquid chamber may be lined with an electrically conductive material, 
and this electrically conductive lining may be used as the voltage applying electrode. 
40 [0082] The magnitude of the voltage applied at the voltage applying portion can be determined from the relationship 
with the distance from the distal end of the nozzle to the object-to-be-coated, such that the number of charged drops 
expelled from the nozzle in one second falls within a desired range. Usually, the magnitude of the voltage is within a 
range of 1 to 30 kV, and preferably a range of 3 to 20 kV. 

[0083] Although the voltage applying portion may apply direct current, in cases in which the viscosity of the coating 
45 liquid is particularly high, the coating liquid can efficiently be made into drops if alternating current is applied. Examples 
of the alternating current are, in addition to sine current, rectangular wave current, trapezoidal wave current, triangular 
wave current, and the like. 

[0084] When alternating current is applied, the particle size of the charged drops expelled from the nozzle can be 
controlled by controlling the waveform of the alternating current. 
50 [0085] When voltage is applied by the voltage applying portion, or when the object-to-be-coated is a non-conductive 
sheet material, the electrostatic coating device can be structured in the same way as the electrostatic coating device 
of the first aspect. 

[0086] The invention of the twentieth aspect, which is in accordance with the nineteenth aspect, relates to an elec- 
trostatic coating device in which the outside dimension of the nozzle is 1 .2 to 3.5 times the inner diameter. 
55 [0087] In this electrostatic coating device, because the outer diameter is 1 .2 times or more the inner diameter at the 
distal end portion of the nozzle, the thickness of the wall surface at the distal end portion of the nozzle can be sufficiently 
thick. Accordingly, the nozzle has excellent mechanical strength and durability. 

[0088] The invention of the twenty-first aspect of the present invention relates to an electrostatic coating device 
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comprising: a coating liquid chamber accommodating a coating liquid in an interior of the coating liquid chamber; a 
tubular nozzle expelling the coating liquid accommodated in the coating liquid chamber; and a voltage applying portion 
applying, to the coating liquid, voltage which is one of positive and negative with respect to an object-to-be-coated 
onto which the coating liquid is to be coated, so as to make the coating liquid be expelled in drop form from the nozzle 
5 toward the object-to-be-coated, wherein a reduced diameter portion, in which a diameter of an outer peripheral surface 
of the nozzle decreases toward a distal end of the nozzle, is formed at the nozzle. 

[0089] In this electrostatic coating device, because hardly any spreading of the drop of liquid arises at the distal end 
of the nozzle, an excessively large charged drop does not form. Accordingly, in accordance with this electrostatic 
coating device, a large number of projections having uniform configurations and diameters an be formed on the entire 
10 surface of the object-to-be-coated. Thus, this electrostatic coating device can suitably be used for making PS plates 
matte. 

[0090] The reduced diameter portion of the nozzle may be formed as a curved surface which is convex outwardly, 
or conversely, may be formed as a curved surface which is convex inwardly. However, forming the reduced diameter 
portion of the nozzle in a conical shape, i.e., a taper-shape, is preferable from the standpoint of ease of machining. 

15 [0091] Other matters relating to the nozzle, as well as the coating liquid and the object-to-be-coated which can be 
used in the electrostatic coating device, and the coating liquid chamber and voltage applying portion provided at the 
electrostatic coating device, are the same as described in connection with the nineteenth aspect. 
[0092] The invention of the twenty-second aspect, which is in accordance with the twenty-first aspect, relates to an 
electrostatic coating device in which the diameter of the reduced diameter portion decreases in a tapered manner. 

20 [0093] The reduced diameter portion, which is formed at the outer peripheral surface of the nozzle, narrows in a 
taper-shape, i.e., a conical shape. Thus, this electrostatic coating device has the feature that machining of the nozzle 
is easy. 

[0094] The invention of the twenty-third aspect, which is in accordance with the twenty-first or twenty-second aspect, 
relates to an electrostatic coating device in which an angle, which is formed by an inner peripheral surface of the nozzle 
25 and the reduced diameter portion at the outer peripheral surface of the nozzle, is 1 0° to 90°. 

[0095] In this electrostatic coating device, the thickness of the wall surface at the distal end portion of the nozzle 
does not become too small and the mechanical strength is sufficient. Thus, fabrication and handling of the nozzle are 
easy. 

[0096] The invention of the twenty-fourth aspect, which is in accordance with any one of the nineteenth through 
30 twenty-third aspects, relates to an electrostatic coating device in which an inner diameter of the nozzle is 0.01 to 0.2 mm. 
[0097] The diameter of the matte on the PS plate is usually about 20 to 500 urn Thus, by making the PS plate matte 
by using this electrostatic coating device, a matte having a diameter within the above range can easily be formed on 
the plate forming surface. 

[0098] The invention of the twenty-fifth aspect, which is in accordance with any one of the nineteenth through twenty- 
35 fourth aspects, relates to an electrostatic coating device in which a length of the nozzle is 0.3 to 25 mm. In the elec- 
trostatic coating device of the present invention, the length of the nozzle preferably falls in this range from the standpoint 
of mechanical strength of the nozzle. 

[0099] The invention of the twenty-sixth aspect, which is in accordance with any one of the nineteenth through twenty- 
fifth aspects, relates to an electrostatic coating device in which the nozzle is formed from a metal. 
40 [0100] In this electrostatic coating device, by applying voltage to the nozzle, voltage can be applied as well to the 
coating liquid stored within the coating liquid chamber. Thus, the voltage applying portion can be formed by a voltage 
generating portion, which generates a predetermined voltage, and a conductor (a wire), which electrically connects 
the voltage generating portion and the nozzle. 

[01 01] Accordingly, this electrostatic coating device has the feature that the structure of the voltage applying portion 
45 can be simplified. 

[0102] The invention of the twenty-seventh aspect, which is in accordance with any one of the nineteenth through 
twenty-sixth aspects, relates to an electrostatic coating device in which the nozzle is a plurality of nozzles. 
[0103] This electrostatic coating device can be suitably used to adhere a coating liquid on the entire surface of an 
object-to-be-coated. 

so [0104] The invention of the twenty-eighth aspect, which is in accordance with any one of the nineteenth through 
twenty-seventh aspects, relates to an electrostatic coating device in which the nozzle is provided erect at a nozzle 
plate which is a plate-shaped member forming one portion of a wall surface of the coating liquid chamber. 
[0105] In this electrostatic coating device, the coating head can be formed from a coating liquid chamber main body, 
which accommodates the coating liquid in the interior thereof and which has an opening portion at which the nozzle 

55 plate is fit, and a nozzle plate at which the nozzle is provided erect. Thus, it is easy to fabricate the coating head. 
[0106] This electrostatic coating device has the feature that, if the nozzle plate is formed so as to be attachable to 
and detachable from the coating liquid chamber main body, it is easy to clean the nozzle and the periphery thereof. 
[0107] An example of this electrostatic coating device is an electrostatic coating device having, at a coating liquid 
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chamber, a nozzle plate which is a plate-shaped member in which a large number of tubular noz zles > ™ cmbedcM. 
r01081 The invention of the twenty-ninth aspect, which is in accordance with any one of the nineteenth through twenty- 
eighth aspects, relates to an electrostatic coating device in which the voltage applying portion is a voltage generating 

device connected to at least one of the coating liquid chamber and the nozzle. 

[01091 The invention of the thirtieth aspect, whtah is in accordance with any one of the nineteenth through twenty- 
eighth aspects, relates to an electrostatic coating device in which the voltage applying portion is a voltage applying 
electrode which is provided within the coating liquid chamber and which applies voltage to the coating liquid within the 

foTlof "St SSon'oC the thirty-first aspect, which is in accordance with any one of the nineteenth through thirtieth 
aspects, relates to an electrostatic coating device in which the voltage applied by the voltage applying portion is DC 

pit?" This electrostatic coating device has the feature that a DC power source circuit of an electrostatic coating 
device which is generally used conventionally, can be used for the voltage applying portion. 
r0112l The invention of the thirty-second aspect, which is in accordance with any one of the nineteenth through 
thirtieth aspects, relates to an electrostatic coating device in which the voltage applied by the voltage applying portion 

[ofl3] V ° This electrostaticcoating device has the feature that the liquid to be expelled can be of an even higher viscosity 
than in the electrostatic coating device of the thirtieth aspect. 

[0114] The invention of the thirty-third aspect, which is in accordance with the thirty-second aspect, relates to an 
electrostatic coating device in which a frequency of the AC voltage is 500 Hz or more. 

[0115] In accordance with this electrostatic coating device, even a highly-viscous liquid to be expelled can be atom- 

r0116l" d Thetvention of the thirty-fourth aspect, which is in accordance with any one of the nineteenth through thirty- 
third aspects, relates to an electrostatic coating device in which the object-to^e-coated is electrically conductive^ 
f01 171 In this electrostatic coating device, voltage of a predetermined waveform is applied to the coating liquid by 
he voltage applying portion, and the object-to-be-coated is grounded. In this way, voltage, which is positive or negative 
with respectto the object-to-be-coated, can be applied to the coating liquid. Therefore, the structure can be s.mphfied. 
[01181 The invention of the thirty-fifth aspect, which is in accordance with any one of the nineteenth through thirty- 
fourth aspects, relates to an electrostatic coating device in which the object-to-be-coated is in a continuous stnp form. 
[01 19] This electrostaticcoating device is an example in which the electrostatic coating device of the present .nvent.on 
is applied to a web-shaped object-to-be-coated which is continuous in a strip form, such as a PS plate. 
r0120l The invention of the thirty-sixth aspect, which is in accordance with the thirty-fourth orthirty-fifth aspect relates 
to an electrostatic coating device which further comprises an object-to-be-coated grounding portion grounding the 
object-to-be-coated at a time of coating the coating liquid onto the object-to-be-coated. 

r0121l Note that the above-described electrostatic coating devices of the twenty-seventh, twenty-ninth, thirtieth, and 
thirty-sixth aspects have similar structures, operations, and effects as those of the electrostatic coating devices of the 
second, fifth, sixth and ninth aspects, respectively. thmllnh 
T01221 The invention of the thirty-seventh aspect, which is in accordance with any one of the nineteenth through 
thirty-sixth aspects, relates to an electrostatic coating device in which the object-to-be-coated is a PS plate, and the 
coating liquid is a matting liquid used in making the PS plate matte. . ... , ■ 

r0123] This electrostatic coating device is an example in which the electrostaticcoatmg device of the presen invention 
is applied to making a PS plate matte. In accordance with this electrostatic coating device, because a highly-viscous 
matting liquid can be used, it is possible to form a matte having a large height-to-diameter ratio, i.e., having a config- 
uration which is more hemispherical, on the surface of the PS plate. 

T01241 The invention of the thirty-eighth aspect relates to an electrostatic coating method compris.ng the steps of 
applying to a coating liquid stored in a coating liquid chamber, voltage which is one of positive and negative with 
respect to an object-to-be-coated onto which the coating liquid is to be coated; and expelling the coating liquid in drop 
form toward the object-to-be-coated from a nozzle which is provided at the coating liquid chamber and whose outer 
diameter at a distal end portion is 3.5 times or less an inner diameter. 

r0125l In accordance with this electrostatic coating method, for the same reasons as those descnbed in connection 
with the electrostatic coating device of the nineteenth aspect, as compared with an electrostatic coating device having 
a rotary atomizing head, a highly-viscous coating liquid can be used, and hemispherical projections, whose configu- 
rations and diameters are uniform, can be formed on the surface of the object-to-be-coated. 
r0126l The invention of the thirty-ninth aspect relates to an electrostatic coating method comprising the steps of: 
applying, to a coating liquid stored in a coating liquid chamber, voltage which is one of posits and negative with 
respect to an object-to-be-coated onto which the coating liquid is to be coated; and expelling the coating liquid in drop 
form toward the object-to-be-coated from a nozzle which is provided at the coating liquid chamber and at whose outer 
peripheral surface is formed a reduced diameter portion whose diameter decreases toward a distal end of the nozzle. 
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[0127] in accordance with this electrostatic coating method, for the same reasons as those described in connection 
with the electrostatic coating device of the twenty-first aspect, as compared with an electrostatic coating device having 
a rotary atomizing head, a highly-viscous coating liquid can be used, and hemispherical projections, whose configu- 
rations and diameters are uniform, can be formed on the surface of the object-to-be-coated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0128] 

Fig. 1 is a sectional view illustrating a schematic structure of a matting device which is an example of the electro- 
static coating device of the present invention. 

Fig. 2 is a front view of the matting device of Fig. 1 , as viewed toward a nozzle plate of the matting device. 
Figs. 3A through 3C are enlarged views showing the expelling of matting liquid from a distal end of a nozzle of the 
matting device shown in Fig. 1 . 

Fig. 4 is a graph showing the relationship between L and V at the time an electrostatic drop of matting liquid is 
expelled, wherein L is a distance to a PS plate from the distal end of the nozzle of the matting device shown in 
Fig. 1 , and V is voltage applied to a coating head main body by a high voltage DC power source. 
Fig. 5 is a sectional view showing a schematic structure of another example of a matting device falling within the 
scope of the electrostatic coating device of the present invention. 

Fig. 6 is a sectional view showing a schematic structure of an example of a matting device in which a voltage 
applying electrode is provided within a coating head. 

Fig. 7 is a sectional view showing a schematic structure of another example of a matting device in which a voltage 
applying electrode is provided within a coating head. 

Fig. 8 is a sectional view showing a schematic structure of an example of a matting device having a matting liquid 
chamber pressure-applying device which applies pressure at a given cycle to an interior of a matting liquid chamber. 
Figs. 9A and 9B are schematic diagrams showing a structure of an aluminum web conveying device used in Ex- 
ample 1 , Comparative Example 1 , and Comparative Example 2 (a PS plate conveying device used in Examples 
2 through 9 and Comparative Example 3). 

Figs. 1 0A and 1 0B are respectively a sectional view and a front view showing a structure of an ink jet head used 
in Comparative Examples 1 and 2. 

Fig. 11 is an enlarged view showing a structure of the distal end portion of the nozzle of the matting device shown 
in Fig. 1 , and a structure of the periphery of the distal end portion. 

Fig. 12 is a partial sectional view showing another example of a nozzle of the matting device shown in Fig. 1 . 
Figs. 13A through 13D are enlarged views showing matting liquid being expelled from the distal end of the nozzle 
of the matting device shown in Fig. 1 . 

Fig. 14 is an enlarged view showing a structure of a distal end portion of a nozzle of a matting device relating to 
a seventh embodiment, and a structure of the periphery of the distal end portion. 

Figs. 15A and 15B are enlarged views showing a structure of a distal end portion and a structure of the periphery 
of the distal end portion, of another example of a nozzle of the matting device relating to the seventh embodiment. 
Figs. 1 6A through 1 6D are enlarged views showing matting liquid being expelled from the distal end of the nozzle 
of the matting device relating to the seventh embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

[0129] The schematic structure of a matting device which is an example of the electrostatic coating device relating 
to the present invention is shown in Figs. 1 and 2. Fig. 2 shows a matting device 100 shown in Fig. 1 , as seen from 
the front thereof. 

[0130] As shown in Figs. 1 and 2, the matting device 1 00 relating to the first embodiment has a coating head main 
body 2, a nozzle plate 6, and a high voltage DC power source 8. The coating head main body 2 is shaped as a hollow 
cylinder having a bottom. The nozzle plate 6 corresponds to the nozzle in the present invention, is disc-shaped, and 
covers the opening portion of the coating head main body 2. Tubular nozzles 4, which expel matting liquid in drops, 
are embedded in the nozzle plate 6 in a row along the top-bottom direction thereof. The high voltage DC power source 
8 applies DC high voltage to the coating head main body 2. The high voltage DC power source 8 corresponds to the 
voltage generating device in the present invention. In the matting device 100, a coating head 10 is formed by the 
coating head main body 2 and the nozzle plate 6. A matting liquid chamber 12, which corresponds to the coating liquid 
chamber of the present invention and in which the matting liquid is stored, is formed at the interior of the coating head 
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1 0 Note that the matting liquid corresponds to the coating liquid in the present invention. 

[0131] in the present first embodiment, the negative electrode of the high voltage DC power source 8 is connected 
to the coating head main body 2, and the positive electrode is grounded. Thus, a negative DC high voltage is applied 
to the coating head 10. However, a positive DC high voltage may be applied to the coating head 10 by connecting the 
positive electrode of the high voltage DC power source 8 to some portion of the coating head 10 and grounding the 

negative electrode. m . . 

[0132] At the time of matting a PS plate P. the PS plate P is disposed such that a plate forming surface P2 thereof, 
which is the surface at the side at which the photosensitive layer is formed, opposes the distal ends of the nozzles 4. 
In the example shown in Fig. 1 , the PS plate P is in the form of a sheet which has been cut to a predetermined size. 
However the PS plate P may be in a continuous strip form, i.e., may be in a web form. When the PS plate P is in the 
form of a sheet, as shown in Fig. 1 , the PS plate is fixed so as to oppose the nozzles 4. However, when the PS plate 
P is in a web form, it is preferable for the PS plate P to be conveyed at a constant speed in a direction orthogonal to 
the direction in which the nozzles 4 are aligned at the nozzle plate 6, i.e., in the direction projecting from the surface 
of the drawing of Fig. 1 or the direction opposite thereto. 

[0133] Because the PS plate P is sheet-shaped as mentioned above, as shown in Fig. 1 , a lead wire 14, one end of 
which is grounded, is connected to the PS plate P. If the PS plate P is in the form of a web, it suffices to provide an 
electrically conductive roller, which rotates while abutting the PS plate P, at a conveying device which conveys the PS 
plate P, and to ground this electrically conductive roller. 

[0134] The expelling of the matting liquid from the distal end of the nozzle 4 is shown in Figs. 3A-3C. 
0135] The nozzle 4 is electrically connected to the nozzle plate 6 and the coating head main body 2. Thus, a voltage, 
which is of the same magnitude as the voltage applied to the coating head main body 2 from the negative electrode 
of the high voltage DC power source 8 , is applied to the nozzle 4. Accordingly, an electric field is generated in a vicinity 
of the distal end portion of the nozzle 4. As shown in Fig. 3A, at the distal end of the nozzle 4, the matting liquid forms 
a conical meniscus Tc, which is called a Taylor cone, due to the electric field. As shown in Fig. 3B, the meniscus Tc of 
the matting liquid is drawn out long and thin by the electric field from the distal end of the nozzle 4 toward the PS plate 
P. As shown in Fig. 3C, the meniscus Tc becomes a charged drop, which is spherical and carries a negative charge, 
and flies toward the PS plate P. . 
[0136] Fig 4 shows the relationship between L and V at the time a charged drop of matting liquid is expelled from 
the nozzle 4, wherein L is a distance to the PS plate from the distal end of the nozzle 4, and V is the absolute value of 
the voltage applied to a coating head main body 2 by the high voltage DC power source 8. 
[0137] The hatched region in Fig. 4 is the range of L and V when a charged drop of the matting liquid is expelled 
from the nozzle 4. Within this range, the greaterthe absolute value of the voltage V, the higherthe atomization frequency 
Hz which is the number of charged drops of the matting liquid which are expelled in one second. However, when the 
absolute value of the voltage V becomes largerthan the hatched region in Fig. 4, there are cases in which the diameters 
of the charged drops expelled from the nozzles 4 become non-uniform. Thus, it is preferable that the voltage V have 
an absolute value within the range shown in Fig. 4. 

[01 38] In the matting device 1 00 relating to the present first embodiment, the charged drops of matting liquid expelled 
from the nozzles 4 have high uniformity of particle size, and have a particle size distribution which is extremely near 
to monodisperse. Further, in accordance with the matting device 100, the matting liquid, which is highly viscous, can 

roiSl^Accordingly, in accordance with the matting device 1 00, a matte, whose diameter and height are uniform and 
whose height is large as compared with its diameter, can be formed on the plate forming surface P2 of the PS plate P. 

Second Embodiment 

[01 40] The schematic structure of another example of a matting device which is encompassed by the electrostatic 
coating device of the present invention, is shown in Fig. 5. In Fig. 5, reference numerals which are the same as those 
of Figs. 1 through 3C denote elements which are the same as the elements denoted by these reference numerals in 

[01411 ^Jteshown in Fig. 5, a matting device 1 02 relating to the present second embodiment has the same structure 
as that of the matting device 1 00 relating to the first embodiment, except that a nozzle plate 62, which is provided at 
a coating head 20, is a structure in which nozzle holes 42, which are through holes, are formed in a metal disc in a 
row along the top-bottom direction in Fig. 5. 

[0142] In the matting device 1 02, charged drops of the matting liquid are expelled from the nozzle holes 42. 
[0143] In addition to the features of the matting device 1 00 of the first embodiment, the matting device 1 02 has the 
feature that, because the nozzle plate 62 can be fabricated merely by forming the nozzle holes 42 in a metal disc, the 
nozzle plate 62 can be fabricated very inexpensively. 
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Third Embodiment 



[0144] The schematic structure of an example of a matting device in which a voltage apply.ng electrode ■» provided 
En a coating head, is shown in Fig. 6. In Fig. 6, reference numerals which are the same as hose j of F j» 1 mrough 

5 3C denote elements which are the same as the elements denoted by these reference numerals in Figs. 1 through 3C 
foiS L shown in Fig. 6, a matting device 1 04 relating to the present third embodiment has the same structure as 
E£ the matting device 1 00 relating to the first embodiment, except that a plate-shaped voltage app^ing elec rode 
6 L p ovided parallel to the nozzle plate 6, within the coating head main body 2, and the voltage applying electrode 
16 ^connected to the negative electrode of the DC high voltage power source 8. Note that the voltage applying 

w electrode 1 6 may be connected to the positive electrode of the DC high voltage power source 8 

[014B1 A negative DC high vortage from the DC high voltage power source 8 is apphed by the voltag apply ng 
ItecVride 16 to the matting liquid stored in the matting liquid chamber 12 in the coating head 10. 
Sd is generated also between the voltage applying electrode 1 6 and the PS plate P. Accordingly as descnbed m the 
first embodiment at the distal end of the nozzle 4, the matting liquid ferns a corneal memscus, and the meniscus is 

« SXS^QCM force and separates from the distal end of the nozzle 4, such that a sphencal charged drop 

kflTSL matting device 1 04, DC high voltage is applied to the matting liquid by ^^S^ISSSSi 
16 Therefore the matting device 104 not only has the same features as those of the matting dev.ee 100 of the first 
mboinrbut Z, the coating head main body 2, the nozzle plate 6, and the nozzles 4 can be formed from an 
20 fnsulat ive material such as a plastic or an insulative ceramic. Accordingly, the matting dev,ce 104 is also preferable 
Sr^ 
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Fourth Embodiment 



[0148] The schematic structure of another example of a matting device in which a vol age applying e'^trode is 
provSed within a coating head, is shown in Fig. 7. In Fig. 7, reference numerals which are the same as those of Rgs. 
! Zugh 3C denote elements which are the same as the elements denoted by these reference numerate ,n F.gs. 1 

Wm 3 As shown in Fig. 7, a matting device 106 relating to the present fourth embodiment has the same structure 
as that of the matSng device 1 02 relating to the second embodiment, except that the plate-shaped voltage apply ng 
Je c m d e 6 ^ 

electrode 16 is connected to the negative electrode of the DC high voltage power source 8. Note that the voltage 
applying electrode 1 6 may be connected to the positive electrode of the DC high voltage power source 8 
El The matting device 106 not only has the same features as those of the matting device 102 of the second 
Simen , but als'o, the coating head main body 2 and the nozzle plate 62 can be formed from an — — 
sS as a plastic or an insulative ceramic. Accordingly, the matting device 106 .s also preferable with regard to the 
point that the coating head main body 2 and the nozzle plate 62 can be formed integrally. 



Fifth Embodiment 



[0151] The schematic structure of an example of a matting device provided with a matting 
applvinq device which applies voltage at a given cycle to the interior of the matting l.quid chamber, is shown in Fig. 8. 
SK Srence numerals which are the same as those of Figs. 1 through 3C denote Cements which are the same 
as the elements denoted by these reference numerals in Figs. 1 through 3C. 
4S [0152] Tshown in Fig. 8, a matting devfce 108 relating to the present fifth embodiment has a coating head main 
body 20 which is in the form of a hollow cylinder having a bottom, a nozzle plate 24 wh ch ,s °™"" 
tteopenl portion of the coating head main body 20, and a nozzle plate fixing cap 22 which .s covered on the open ng 
d ^portion o the coating head main body 20 and fixes the nozzle plate 24. Nozzle holes 26 are ^ «*• 
nozzle plate 24 in a row along the top-bottom direction in Fig. 8. An opening portion 22A is provided in the central 
oSo^ 

holes 26 are provided in the nozzle plate 24 is exposed. The edge portion of the opening portion 22A is chamfered at 
US" A^ttng^^^rmed by the coating head main body 20, the nozzle plate 24. and the nozzle plate 

SrA^lindrical piston 32 is disposed in the space enclosed by the coating head main body 20 and the nozzle 
plate 24 A^ezo-electric element 34, which moves the piston 32 reciprocally in the direction toward he no zle plate 
24 and the Lotion opposite thereto, is provided between the piston 32 and the bottom surface of the coating head 
main body 20 The piezo-electric element 34 is connected to a waveform generator (not shown) which applies a dr*e 
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signal which extends and contracts the piezo-electric element in constant cycles toward and away from the nozzle 

San*" A hollow cylindrical packing 36 is fit in the space between the side surface of the piston 32 and the inner side 
ErfatS 

S as silicone rubber or the like, and prevents the matting liquid from leaking from between the piston 32 and he 

Soating head main body 20. The hollow cylindrical packing 36 also functions as a gu.de member which gu.des the 

oiston 32 in the direction of approaching the nozzle plate 24 and the direction of moving away therefrom. 

Kl56] T co2g head main body 20 is connected to the negative e.ectrode of the high voltage DC power = ce 

8 and the positive eLtrode of the high voitage DC powersource 8 is grounded. Or, conversely, the posrtive e ectrode 

oitheh^ 

may be grounded. A matting liquid chamber 28 is formed by the piston 32, the coating head mam body 20, the nozzle 
plate 24, and the hollow cylindrical packing 36. „«,»«„„ i lmliH 

[01571 Note that in Fig. 8, reference numeral 38 denotes a matting liquid supply path through wh.ch the matt.ng liquid 
is supplied to the matting liquid chamber 28. _«,«i--iim,waro 

01581 When DC high voltage V is applied to the coating head main body 20, charged drops of the matting hqu.d are 
expe^ed toward the PS plate P from the nozzle holes 26 at a constant cycle Hz (a constant period). The which 
the matting liquid is expelled from the nozzle holes 26 can be further strengthened by, synchronously with this cycle 
Hz TpSng a drtve signal to the piezo-electric element 34 so as to extend and contract the p.ezo-e.ectnc element 34, 
thereby driving the piston 32 so as to cyclically apply pressure to the matting liquid chamber 28^ 

01591 In the matting device 108, because the force of expelling the matting liqu.d ,s part.cularty strong, the matting 

iqu^hichhasapa^^ 

with its diameter, can be formed by using the matting device 1 08 to carry out matting of a PS plate or the like by expelling 
the highly-viscous matting liquid. 

Example 1 

[0160] The plate forming surface of a PS plate was made matte by using the matting devfce 100 having the structure 

fuTeil ,n |n'L 1 matting device 1 00, 31 of the tubular nozzles 4, which had an inner diameter of 50 u.m and a length of 
000 Jm. were embedded in a row at intervals of 1 000 ,m in a stainless steel disc having a diameter of 70 mm^so as 
to fabricate the nozzle plate 6. This nozzle plate 6 was fixed to the opening portion of the coa .ng head main body 2 
which wasahollow cylinder, hadabottom, and had an inner diameter of 60mm,soasto fabricate »e c ^ n 9^J^; 
m«q The positive electrode of the DC high voltage power source 8 was connected to the coating head main body 
2 The negative electrode of the DC high voltage power source 8 was grounded. 

[0163] The coatingheadlOwasfixedto an aluminum web conveying device 300 which conveyed an aluminum web 
w which was a strip-shaped thin plate made of aluminum. 

[01641 AsshowninFigs.9Aand9B,astructureprovidedwiththefollowingwasusedasthealuminumwebconveying 
device 300 conveying rollers A2 and A4 which are positioned at the upstream side end portion in a conveying direction 
a" he aluminum web W, and which convey the aluminum web W along the conveying direction a; convey I roNe* 
B2 and B4 which are positioned at the downstream side end portion in the conveymg direction a, and which work in 
c™certwfththeconveyingrollersA2andA4to 

rol ers C Twhich are provided between the conveying roller A2 and the conveying roller B2 and support the aluminum 
Z > W from the underside thereof ; and a hot air drying device D whfch is provided in a vicing of the conveymg rollers 
B2 and B4, and which dries the aluminum web which has been made matte by the coating head 1 0. 
r0165l As shown in Fig. 9A, the coating head 10 was fixed between the conveying roller A4 and the hot air drying 
device D ab^ve a conveying plane T, which was the conveying path of the aluminum web W in the aluminum web 
keying device 300, such that the opening portions of the distal ends of the nozzles 4 opposed the conveymg plane 
T at an interval of 50 mm, and such that the direction of alignment of the nozzles 4 was orthogonal with respect to the 
conveying direction a of the aluminum web W. 

[0166] Metal rollers which were grounded were used as the supporting rollers C. finm , min 
0167^ In the aluminum web conveying device 300. the aluminum web W was conveyed at a sp ee of ™JJ*™V 
0168 100 cc of a 25% aqueous solution of a copolymer obtained by copolymenzing methyl methacrylate ethyl 
acryla te / sod! acrylate in a charged weight ratio of 68:20:1 2 was filled in the coating head 1 0 as the matting liquid 
Current of + 6 kV was applied by the DC high voftage power source 8. The viscosrty of the aqueous solution of the 

S 'The ^ W wfsmade matte over a width of 30 mm. When the aluminum web W which had been 

made matte was examined under a microscope, it was found that a hemispherical matte, whose s.ze was uniform - mi 
whose height was large with respect to the diameter of the bottom surface, was formed at a uniform densrty. The results 
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are shown in Table 1 . 





matting liquid 


ma 


te 


remarks 


polymer 
concentration 
(wt%) I 


viscosity (mPa • 
s) 


average diameter 
(lim) 


average height 
(urn) 


ex. 1 


25 


120 


60 


11 




comp. ex. 1 


25 


120 






expulsion was 
difficult 


comp. ex. 2 


13 


25 


150 


4 





Comparative Example 1 

[0170] In place of the coating head 1 0 used in Example 1 , an Inkjet head 200 shown in Figs. 1 0A and 10B was feed 
othe aluminum web conveying device 300 illustrated in Figs. ^^^r^^.^^^Z 
web W matte was carried out. Fig. 10A shows a cross-section, cut along the ax.s of the ,n jet head 200_ F.g. 0B 
shows the front surface configuration of the ink jet head 200 when looking toward a nozzle plate U wh,ch will be 

[0^T d As e stwntn Figs. 10A and 10B. the ink jet head 200 was equipped with the nozzle plate U which was disc 
shaped and in which 1 2 nozzle holes U2 were formed; coating liquid chambers S provided so as to correspond to the 
respective nozzle holes U2; and piezo-electric elements T2 provided within the coating liquid chambers S and applying 
Zgets antaneoushy to the coating liquid such that the coating liquid was expend in drop form, tan M 
holes U2. The hole diameter of the nozzle hole U2 was 40 urn Further, the same mattmg l.qu.d as that used in Example 

Jo^Y^ 

not possible to make the aluminum web W matte. 
Comparative Example 2 

f0173] The process of making the aluminum web W matte was carried out in the same way as in Comparative 
Example 1 , except that a 13% aqueous solution of the copolymer of Example 1 was used as the matting liqu.d. 
T01741 The results are shown in Table 1 . . , • 

0175 Although the matting liquid could be expelled, when the drops of the matting liquid adhered to the aluminum 
web W, the drops spread excessivety, and it was not possible to form a matte of a sufficient height. 

Sixth Embodiment 

[0176] The schematic structure of a matting device 100A, which is an example of the etectrostatic coating device 
elating to the present invention, is similar to that of the matting device 100 of the first embodiment. Members .which 
are the same as those of the matting device 1 00 are denoted by the same reference numerals, and description thereof 

Soi^Assh^ 

0178 The nozzle plate 6 can be formed by, for example, forming through holes 6A, .n a direct.on of thickness and 
at predetermined intervals, in a metal plate of a predetermined thickness. Further as shown ,n F.g. 11 . he coa -ng 
head 1 0 can be formed by embedding the nozzles 4 in the nozzle plate 6. To embed he nozzles 4 n he nozzle plate 
6 for example, the nozzles 4 may be press-fit into the through holes 6A, or the nozzles 4 may be fit ,nto the through 
holes 6A and f ixed therein by an appropriate means such as brazing or the like. Instead of embedding the nozzles ,4 
in the nozzle plate 6, the nozzles 4 may be formed integrally with the nozzle plate 6 as shown ,n F.g 12 • F^examge 
a method having the following processes may be used as the method of forming the nozzles 4 and the nozzle plate 6 
integrally: 

(a) silicon nitride layers are formed by spattering both surfaces of a silicon wafer; 

(b) aluminum layers are laminated on the silicon nitride layers, and then, the silicon wafer .s penetration etched 
such that through holes are formed therein; 
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(c) silicon oxide layers are formed at the inner walls of the through holes formed in step (b); and thereafter, 

(d) only the silicon nitride and the silicon at the silicon wafer are selectively etched so that the silicon wafer is 
reduced to a predetermined thickness and the nozzle plate 6 is formed, and simultaneously, capillaries of silicon 
oxide project to as to form the nozzles 4. 

[0179] Forming the nozzles 4 and the nozzle plate 6 integrally is preferable in cases in which the inner diameter of 
the nozzle 4 is about 0.01 mm (10 p.m) which is small. 

[01 80] An inner diameter d 2 of the nozzle 4 at the distal end surface 4A is preferably in the range of 0.01 to 0.2 mm, 
and is particularly preferably in the range of 0.03 to 0.1 mm. However, the inner diameter d 2 may be less than or equal 
to 0.01 mm or greater than or equal to 0.1 mm, depending on the particle size of the charged drop which is to be 
expelled and on the voltage applied by the voltage applying portion. 

[0181] An outer diameter d A of the nozzle 4 at the distal end surface 4A is 3.5 times or less the inner diameter d 2 , 
and is preferably 1 .2 to 3.5 times the inner diameter d 2 , and is particularly preferably 1 .5 to 2.5 times the inner diameter 

[01 82] If the outer diameter d, is 3.5 times or less the inner diameter d 2 , the drop of the coating liquid does not spread 
excessively at the distal end surface 4A of the nozzle 4. Thus, even in cases in which a large amount of the coating 
liquid is expelled from the nozzle 4, it is possible to prevent excessively large charged drops from forming, and possible 
to prevent the diameter of the matte from becoming non-uniform. 

[0183] If the outer diameter 6^ is 1 .2 times or more the inner diameter d 2 , manufacturing of the nozzles 4 is easy 
even in cases in which the outer diameter of the nozzles 4 is small. 

[0184] A distance L from the distal end surface 4A of the nozzle 4 to the PS plate P can be appropriately determined 
in accordance with the voltage applied at the high voltage DC power source 8 and the size of the matte which is to be 
formed on the surface of the PS plate P. 

[0185] the expelling of the matting liquid from the distal end of the nozzle 4 is shown in Figs. 13A through 13D. 
[0186] Because the nozzle 4 is electrically connected to the nozzle plate 6 and the coating head main body 2, voltage, 
of a magnitude which is the same as the voltage applied to the coating head main body 2 from the negative electrode 
of the high voltage DC power source 8, is applied to the nozzle 4 as well. Accordingly, an electric field F in the direction 
toward the PS plate P, i.e., in the direction toward the right in Figs. 13A through 13D, arises between the distal end 
portion of the nozzle 4 and the PS plate P. Accordingly, as shown in Fig. 13A, at the distal end of the nozzle 4, the 
matting liquid is pulled toward the right by the electric field F and forms a conical meniscus Tc called a Taylor cone. 
[0187] Because the electric field F works on the meniscus Tc, as shown in Fig. 13B, the meniscus Tc is drawn out 
from the distal end surface 4A of the nozzle 4 toward the PS plate P, and simultaneously, spreads over and coats the 
entire distal end surface 4A. Thus, the diameter of the bottom surface of the meniscus Tc is equal to the diameter of 
the distal end surface 4A. 

[0188] As shown in Fig. 13C, the meniscus Tc is further attracted toward the PS plate, and the distal end portion 
thereof swells into a sphere such that a charged drop is formed. Simultaneously, a neck arises between the charged 
drop and the meniscus Tc. 

[0189] Then, as shown in Fig. 13D, the charged drop separates from the distal end of the meniscus Tc and flies 
toward the PS plate P. «^ 
[01 90] Here as is clear from Fig. 1 3C , if the diameter of the bottom su rf ace of the meniscus Tc becomes large, the 
height of the meniscus Tc also becomes large, and the size of the charged drop formed at the distal end of the meniscus 
Tc also becomes large. 

[0191] However, in the matting device 1 00A, as described above, the outer diameter d, of the nozzle 4 is 3.5 times 
or less the inner diameter d 2 . Thus, the diameter of the bottom surface of the meniscus Tc also is 3.5 times or less the 
inner diameter c^. 

[0192] Accordingly, in the state shown in Fig. 13C, a charged drop having an excessively large diameter is not formed 
at the distal end of the meniscus Tc. 

[0193] In the matting device 100A relating to the present sixth embodiment, a charged drop having an excessively 
large diameter is not formed at the nozzle 4. Thus, the particle size of the charged drops is uniform, and the charged 
drops have a particle size distribution which is extremely near to monodisperse. Moreover, even a highly-viscous mat- 
ting liquid can be expelled. 

[0194] Accordingly, in accordance with the matting device 1 00A, a matte, whose diameter and height are uniform 
and whose height is large as compared to its diameter, can be formed on the plate forming surface P2 of the PS plate P. 

Seventh Embodiment 

[0195] An example of a matting device in which a reduced diameter portion is formed at the distal end of a nozzle 
will be described hereinafter. 
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[0196] The overall structure of a matting device 100B relating to the seventh embodiment is similar to that of the 

mattinq device 1 00A relating to the sixth embodiment, and is the structure shown in Figs. 1 and 2. 

[0197] The distal end portion of the nozzle 4 of the matting device 1 00B and the vicinity of the distal end port.on are 

s fS '"Sown in Fig. 14, the diameter of the distal end portion at an outer peripheral surface 4a of the nozzle 4 
decreases, such that the distal end portion is formed in a taper shape, i.e., a conical shape. At the distal end of the 
nozzle 4 the outer peripheral surface 4a intersects an inner peripheral surface 4b of the nozzle 4 at an angle 9. 
[0199] 'The angle 6 is less than 90°, i.e., is acute. From the standpoint of machining, angle 9 is preferably 10° or 
more, and is particularly preferably 30 to 75°. 

io [0200] Another example of the nozzle 4 is shown in Figs. 15A and 15B. Fig. 15A shows an example of a nozzle in 
which the reduced diameter portion is formed as a curved surface which is convex outwardly, and Fig. 15A shows an 
example of a nozzle in which the reduced diameter portion is formed as a curved surface which is convex inwardly. In 
both of the nozzles shown in Figs. 15A and 1 5B, angle e is the angle at which the outer peripheral surface 4a and the 
inner peripheral surface 4b intersect. 

15 [0201] The expelling of the matting liquid from the distal end of the nozzle 4 is shown in Figs. 1 6A through 1 6D. 
[02021 m the matting device 1 00B as well, in the same way as the matting device 1 00A, as shown in Fig. 1 6A, at the 
distal end of the nozzle 4, the matting liquid is pulled toward the right by the electric field F and forms a conical meniscus 
Tc called a Taylor cone. . 
[0203] As shown in Fig. 1 6B, the meniscus Tc is drawn out toward the PS plate P by the electnc field F. 

20 [0204] As shown in Fig. 1 6C, the distal end portion of the meniscus Tc swells into a sphere such that a charged drop 
is formed. Simultaneously, a neck arises between the charged drop and the meniscus Tc. As shown in Fig. 16D, the 
charged drop separates from the distal end of the meniscus Tc and flies toward the PS plate P. 
[0205] However, at the distal end of the nozzle 4, as described above, the outer peripheral surface 4a and the inner 
peripheral surface 4b intersect at an acute angle. Thus, a ridge is formed by the outer peripheral surface 4a and the 

25 inner peripheral surface 4b. . 

[0206] Accordingly, even in cases in which the amount of matting liquid expelled from the nozzle 4 is increased due 
to a means for increasing the voltage applied from the high voltage DC power source 8 or the like, the meniscus Tc 
foimed at the distal end does not spread outwardly and a charged drop having an excessively large diameter is not 
formed. Thus, the particle size of the charged drops is very uniform. Further, even a matting liquid which is highly 

30 viscous can be expelled. , ^ 

[0207] Accordingly, in accordance with the matting device 1 00B, a matte, whose diameter and height are uniform 
and whose height is large as compared to its diameter, can be formed on the plate forming surface P2 of the PS plate P. 

(Examples 2 through 4, Comparative Example 3) 

[0208] The plate forming surface of a PS plate was made matte by using the matting device 100A relating to the 

sixth embodiment. . M „ mr , tar 

[0209] In the matting device 1 00A, 31 of the tubular nozzles 4, which had at the distal ends thereof an inner diameter 
of 0 1 mm and an outer diameter of 0.15 to 0.40 mm, were embedded in a row at intervals of 1000 urn in a stainless 

40 steel disk having a diameter of 70 mm, so as to fabricate the nozzle plate 6. This nozzle plate 6 was fixed to the opening 
portion of the coating head main body 2 which was a hollow cylinder having a bottom and which had an inner diameter 
of 60 mm so as to fabricate the coating head 1 0. The outer diameter of the nozzle 4 was as shown in Table 2. 
[0210] The positive electrode of the DC high voltage power source 8 was connected to the coating head main body 
2 The negative electrode of the DC high voltage power source 8 was grounded. 

45 [021 1 ] The coating head 1 0 was fixed to a PS plate conveying device which conveyed the PS plate P which was in 

a continuous web form. . . DO 

[0212] A device similar to the aluminum web conveying device 300 shown in Figs. 9A and 9B was used as the PS 
plate conveying device. Namely, a structure provided with the following was used as the PS plate conveying device: 
the conveying rollers A2 and A4 which are positioned at the upstream side end portion in the conveying direction a of 

so the PS plate P (which is shown by »W" in Figs. 9A and 9B), and which convey the PS plate P along the conveymg 
direction a- the conveying rollers B2 and B4 which are positioned at the downstream side end portion in the conveying 
direction a,' and which work in concertwith the conveying rollers A2andA4 to convey the PS plate P along the conveying 
direction a- the supporting rollers C which are provided between the conveying roller A2 and the conveying roller B2 
and support the PS plate P from the underside thereof; and the hot air drying device D which is provided in a vicinity 

55 of the conveying rollers B2 and B4, and which dries the PS plate P which has been made matte by the coating head 1 0. 
[0213] The coating head 1 0 was fixed between the conveying roller A2 and the hot air drying device D above the 
conveying plane T, which was the conveying path of the PS plate P in the PS plate conveying device, such that the 
opening portions of the distal ends of the nozzles 4 opposed the conveying plane T at an interval of 50 mm, and such 
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thatthedirectionofalignm^ 

r02141 The PS plate P was conveyed at a speed of 10 m/min at the PS plate conveying device. 
0215 The PS plate P was made matte over a width of 30 mm. When the PS plate P which had been made matte 
was examined under a microscope, it was found that, in Examples 2 and 3, a hemispherical matte, whose size was 
uniform and whose height was large with respectto the diameter of the bottom surface, was for^^^^ 

Fu™ 

TABLE 2 



w 



15 



20 



ex.2 



ex. 3 



ex. 4 



inner 
diameter 



0.10 mm 



comp. ex. 3 



outer 
diameter 



0.15 mm 



0.20 mm 



0.30 mm 



0.40 mm 



outer 
diameter/ 

inner 
diameter 



1.5 



2.0 



3.0 



4.0 



matte 
diameter 



60-80 u.m 



70-100 urn 



60-350 u.m 



matte 
configuration 



O 



others 



distribution of 
particle size 

was 
somewhat 
non- uniform 



particles 
could not be 
formed 



25 



30 



35 



40 



45 



50 



(Examples 5 through 9) 

[0216] The plate forming surface of a PS plate was made matte by using the matting device 100B relating to the 

r02171 h The < coTtfng head 1 0 was fabricated by the same processes as in Example 2, except that the nozzle shown 
in Fig 14 was used. This conveying head 10 was mounted to a PS plate conveying device which was the same as 
that in Example 2, and the processes for making the PS plate P matte were earned out. 

[02181 The relationship between the angle 0 and the matte diameter when the angle 0, at which the outer penpheral 
surface and the inner peripheral surface at the distal end of the nozzle 4 intersected, was varied from 15 to 90 is 
shown in Table 3. 

TABLE 3 





inner diameter 


outer diameter 


angle 9 (° ) 


matte diameter 


ex. 5 


0.10 mm 


0.15 mm 


90 


70-100 u.m 


ex. 6 






75 


60-80 urn 


ex.7 






45 


60-80 urn 


ex. 8 






30 


60-80 um 


ex. 9 






15 


45-75 urn 



r0219] As can be seen from Table 3, when the angle 6 is small, the matte diameter also is small. 
02201 As described above, the present invention provides an electrostatic coating device and an electrostatic coating 
method whose structures are simple and which can expel, in drops having good monodispersability, a highly-viscous 
coating liquid, so as to be able to be used suitably for matting PS plates. 
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Claims 



1 . An electrostatic coating device comprising: 

a coating liquid chamber storing a coating liquid in an interior of the coating liquid chamber; 
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a voltage applying portion applying a voltage, which is one of positive and negative with respect to an object- 
to-be^coated onto which the coating liquid is to be coated, to the coating liquid in the coating liquid chamber; and 
a nozzle expelling, in drop form and toward the object-to-be-coated, the coating liquid to which the voltage 
has been applied by the voltage applying portion. 

2. The electrostatic coating device of claim 1 , wherein the device has a plurality of nozzles. 

3. The electrostatic coating device of claim 1 , wherein the nozzle is a tubular nozzle which passes through a wall 
surface of the coating liquid chamber. 

4. The electrostatic coating device of claim 1 , wherein the nozzle is a nozzle hole which passes through a wall surface 
of the coating liquid chamber. 

5. The electrostatic coating device of claim 1 , wherein the voltage applying portion is a voltage generating device 
connected to at least one of the coating liquid chamber and the nozzle. 

6 The electrostatic coating device of claim 1 , wherein the voltage applying portion is a voltage applying electrode 
which is provided within the coating liquid chamber and which applies voltage to the coating liquid within the coating 
liquid chamber. 

7. The electrostatic coating device of claim 1 , wherein the voltage applied by the voltage applying portion is DC 
voltage. 

8. The electrostatic coating device of claim 1 , wherein the object-to^be-coated is in a continuous strip form. 

9. The electrostatic coating device of claim 1 , further comprising an object-to-be^coated grounding portion grounding 
the object-to-be-coated at a time of coating the coating liquid onto the object-to-be-coated. 

1 0. The electrostatic coating device of claim 9, wherein the object-to-be-coated grounding portion is a ground electrode 
which, at the time of coating the coating liquid, is grounded, and is disposed one of between the object-to-be- 
coated and the nozzle, and adjacent to a surface of the object-to- be-coated which surface is at a side opposite a 
side at which the coating liquid is to adhere. 

11 . The electrostatic coating device of claim 1 , wherein the coating liquid chamber has a coating liquid chamber pres- 
sure applying portion which applies pressure to the interior of the coating liquid chamber at a given cycle. 

1 2. The electrostatic coating device of claim 1 1 , wherein the coating liquid chamber pressure applying portion is driven 
by a piezo-electric element. 

13. The electrostatic coating device of claim 1 , wherein the object-to-be-coated is electrically conductive. 

14. The electrostatic coating device of claim 1 , wherein the object-to-be-coated is a PS plate, and the coating liquid 
is a matting liquid used in making the PS plate matte. 

15. The electrostatic coating device of claim 1 , wherein a diameter of the nozzle is selected appropriately in accordance 
with a magnitude of viscosity of the coating liquid. 

16. The electrostatic coating device of claim 1, wherein the voltage applied by the voltage applying portion is AC 
voltage. 

17. The electrostatic coating device of claim 16, wherein a frequency of the AC voltage is 1000 Hz or more. 

18. An electrostatic coating method comprising the steps of: 

applying, to a coating liquid stored in a coating liquid chamber, voltage which is one of positive and negative 
with respect to an object-to-be-coated onto which the coating liquid is to be coated; and 
expelling the coating liquid in drop form from a nozzle of the coating liquid chamber toward the object-to-be- 
coated. 



17 



EP 1 275 440 A1 



19. An electrostatic coating device comprising: 

a coating liquid chamber accommodating a coating liquid in an interior of the coating liquid chamber; 
a tubular nozzle expelling the coating liquid accommodated in the coating liquid chamber; and 
a voltage applying portion applying, to the coating liquid, voltage which is one of positive and negative with 
respect to an object-to-be-coated onto which the coating liquid is to be coated, so as to make the coating liquid 
be expelled in drop form from the nozzle toward the object-to-be-coated , 

wherein an outside dimension of the nozzle at a distal end portion of the nozzle is 3.5 times or less an inner 
diameter. 

20 The electrostatic coating device according to claim 1 9, 

wherein the outside dimension of the nozzle at the distal end portion of the nozzle is 1.2 to 3.5 times the inner 
diameter. 

21. An electrostatic coating device comprising: 

a coating liquid chamber accommodating a coating liquid in an interior of the coating liquid chamber; 

a tubular nozzle expelling the coating liquid accommodated in the coating liquid chamber; and 

a voltage applying portion applying, to the coating liquid, voltage which is one of positive and negative with 

respect to an object-to-be-coated onto which the coating liquid is to be coated, so as to make the coating liquid 

be expelled in drop form from the nozzle toward the object-to-be-coated, 

wherein a reduced diameter portion, in which a diameter of an outer peripheral surface of the nozzle de- 
creases toward a distal end of the nozzle, is formed at the nozzle. 

22. The electrostatic coating device of claim 21 , wherein the diameter of the reduced diameter portion decreases in 
a tapered manner. 

23. The electrostatic coating device of claim 21 , wherein an angle at which the outer peripheral surface and an inner 
peripheral surface at the distal end of the nozzle intersect is greater than or equal to 10° and less than 90°. 

24. The electrostatic coating device of claim 19, wherein an inner diameter of the nozzle is 0.01 to 0.2 mm. 

25. The electrostatic coating device of claim 1 9, wherein a length of the nozzle is 0.3 to 25 mm. 

26. The electrostatic coating device of claim 19, wherein the nozzle is formed from a metal. 

27. The electrostatic coating device of claim 19, wherein the device has a plurality of nozzles. 

28. The electrostatic coating device of claim 1 9, wherein the nozzle is provided erect at a nozzle plate which is a plate- 
shaped member forming one portion of a wall surface of the coating liquid chamber. 

29. The electrostatic coating device of claim 19, wherein the voltage applying portion is a voltage generating device 
connected to at least one of the coating liquid chamber and the nozzle. 

30. The electrostatic coating device of claim 19, wherein the voltage applying portion is a voltage applying electrode 
which is provided within the coating liquid chamber and which applies the voltage to the coating liquid within the 
coating liquid chamber. 

31. The electrostatic coating device of claim 19, wherein the voltage applied by the voltage applying portion is DC 
voltage. 

32. The electrostatic coating device of claim 19, wherein the voltage applied by the voltage applying portion is AC 
voltage. 

33. The electrostatic coating device of claim 32, wherein a frequency of the AC voltage is 500 Hz or more. 
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34. The electrostatic coating device of claim 19, wherein the object-to-be-coated is electrically conductive. 

35. The electrostatic coating device of claim 19, wherein the object-to-be-coated is in a continuous strip form. 

36. The electrostatic coating device of claim 34, further comprising an object-to-be-coated grounding portion grounding 
the object-to-be-coated at a time of coating the coating liquid onto the object-to-be-coated. 

37. The electrostatic coating device of claim 19, wherein the object-to-be-coated is a PS plate, and the coating liquid 
is a matting liquid used in making the PS plate matte. 

38. An electrostatic coating method comprising the steps of: 

applying, to a coating liquid accommodated in a coating liquid chamber, voltage which is one of positive and 
negative with respect to an object-to-be-coated onto which the coating liquid is to be coated; and 
expelling the coating liquid in drop form toward the object-to-be-coated from a nozzle which is provided at the 
coating liquid chamber and whose outer diameter at a distal end portion is 3.5 times or less an inner diameter. 

39. An electrostatic coating method comprising the steps of: 

applying, to a coating liquid accommodated in a coating liquid chamber, voltage which is one of positive and 
negative' with respect to an object-to-be-coated onto which the coating liquid is to be coated; and 
expelling the coating liquid in drop form toward the object-to-be-coated from a nozzle which is provided at the 
coating liquid chamber and at whose outer peripheral surface is formed a reduced diameter portion whose 
diameter decreases toward a distal end of the nozzle. 
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